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Description

[0001] The present invention relates to a urea hydrolysis catalyst, a selective reduction catalyst containing a urea
hydrolysis material and an exhaust gas cleaning apparatus. More specifically, the present invention relates to a urea
hydrolysis catalyst and a selective reduction catalyst containing a urea hydrolysis material which have an excellent
hydrolysis ability of urea-water solution to NH5 and can exhibit the ability at low temperatures upon removal of NOx from
exhaust gas emitted from diesel engines by spraying urea-water solution.

[0002] Exhaust gas emitted from lean-burn engines contain various hazardous substances derived from fuel and
combustion air. Such hazardous substances include hydrocarbons (HCs), soluble organic fraction (also referred to as
SOF), soot, carbon monoxide (CO), nitrogen oxides (NOx) and the like. The amount of emission of these hazardous
substances is controlled increasingly tightly for years. A method is put to practical use for removing the hazardous
substances from exhaust gas by bringing exhaust gas into contact with a catalyst.

[0003] It has also been sought to reduce the amount of produced hazardous substances in lean-burn engines by
controlling the type of fuels and the rate and timing of feeding of the fuels, the amount of air and the like. However,
conventional catalysts and control methods failed to sufficiently clean exhaust gas. Particularly lean-burn engines tend
to emit nitrogen oxides, which have been increasingly tightly controlled. However, in the case of diesel engines mounted
on automobiles, it has been difficult to suppress emission of hazardous substances by conventional NOx removal
technologies because operating conditions of the diesel engines are always changing.

[0004] AmongNOxremovaltechnologies (denitration technologies), a method utilizing a catalystis known as a selective
reduction or selective catalytic reduction (hereinafter also referred to as SCR) method , in which NOx-containing exhaust
gas is brought into contact with a selective reduction catalyst mainly containing vanadium oxide, zeolite and the like in
the presence of an ammonia (NH3) component for reduction and denitration.

[0005] In SCR utilizing an NH4; component as a reductant, NOx is eventually reduced to N, mainly according to the
following reaction formulae (1) to (3) :

4NO + 4NH, + O, — 4N, + 6H,0 )
6NO, + 8NH; — 7N, + 12H,0 @)
NO + NO, + 2NH5 — 2N, + 3H,0 @3).

[0006] Theoretically, denitration of exhaust gas sufficiently proceeds when the molar ratio of NH3/NOx is 1.0 in the
denitration reactions (1) to (3). However, when a diesel engine is operated under transient operation conditions or
operated at an inappropriate space velocity, inappropriate temperature of exhaust gas or inappropriate temperature of
the catalyst surface, it may be required to increase the NH5/NOx ratio of the NH; component supplied in order to obtain
a sufficient denitration performance. It has been pointed out that, as a result, unreacted NH, may leak out and cause
secondary environmental disruption such as another environmental pollution. Hereinafter leaked NH5; may be referred
to as slip or NH3 slip.

[0007] In such a catalytic denitration system, NH; gas may be used as a reducing component. However, NH3 per se
has irritating odour and is hazardous. Therefore, it has been proposed to supply urea-water solution, as an NH; com-
ponent, at upstream of a denitration catalyst to generate NH5 by thermal decomposition or hydrolysis, in which NH; is
used as a reductant to effect denitration.

[0008] The reaction formulae for obtaining NH; by such decomposition of urea is represented by the following (4) to (6):

NH,-CO-NH, -NH3 + HNCO (4; urea thermal decomposition)
HNCO + H,O — NH; + CO, (5; isocyanic acid hydrolysis)
NH,-CO-NH, + H,O — 2NH3 + CO, (6; urea hydrolysis) .

[0009] Urea is supplied at upstream of a SCR catalyst by spraying urea-water solution. As described above, NH;
mainly contributes to reduction and removal of NOx, and thus the decomposition efficiency of urea affects reactions of
NOx by the SCR catalyst. A low decomposition efficiency of urea not only decreases efficiency of NOx removal but also
increases the amount of urea used and may induce NHj slip due to unreacted urea.

[0010] Inordertoaddressthe problem of NH;slip, ithas been necessary to provide an oxidation catalyst at a subsequent
stage of the SCR catalyst to oxidise and remove NH; slip. However, providing such a catalyst for removing NH; slip
may increase costs and particularly in automobiles, it has been difficult to secure the space for mounting the catalyst.
[0011] When the amount of NH3 slip is increased, the catalyst is required to have high oxidation ability, requiring use
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of a high amount of an expensive noble metal such as platinum, which is an active species.

[0012] During removal of NOx by an NH5 component, the reaction proceeds , as shown in the formula (3) above, in
an atmosphere containing approximately the same proportion of NO and NO, (Japanese Patent Application Laid-open
No. H08-103636). However, NOx components emitted from lean-burn engines are mainly nitric oxide (NO) (Japanese
Patent Application Laid-open No. H05-38420). Therefore, it has been proposed to provide an NO oxidation means in
an exhaust gas flow path in order to increase the concentration of NO, component in exhaust gas for effectively removing
NOx (Japanese Patent Application Laid-open No. H08-103636).

[0013] It has also been proposed to utilize such an NO oxidation means to simultaneously remove hazardous particle
matters and NOx with one catalytic system. One of such methods consists in providing, in an exhaust gas flow path, an
oxidation catalyst, a filter and a SCR catalyst in this order and spraying an ammonia component at a previous stage of
the SCR catalyst (Japanese Translation of PCT Application No. 2002-502927).

[0014] As a cleaning method for simultaneously performing such NOx removal and combustion/removal of particle
matters, FLENDS by Nissan Diesel K.K., which is for diesel automobiles, and BlueTEC by Daimler AG have been
developed and widely used. A normalised urea-water solution having a concentration of 31.8 to 33.3% by weight has
been distributed as the reducing component under the product name of Adblue.

[0015] While various catalysts are required for various functions, an engine per se is also required to have an improved
fuel consumption in view of reduction in environmental load and reduction in fuel cost. This leads to a further decrease
in the temperature of exhaust gas emitted from engines, and thus the catalysts used are also required to have an
improved ignition performance at low temperatures and improved performances.

[0016] Meanwhile thereis a concern for an increase in cost for searching for catalysts having improved performances.
Particularly, catalysts used for high-volume diesel engines are also required to be high volume.

[0017] In fact, it has been required that catalysts for diesel engines could be evaluated for performances thereof on
the basis of simple indices because such evaluation in diesel engines is several times more laborious compared to the
evaluation in gasoline engines in terms of facilities, cost and time.

[0018] It has been generally believed that a base material carrying an active component such as noble metals and
base metals or a base material made of inorganic oxide and the like having an activity per se plays a key role that
contributes to the catalytic performance This is because the number of active sites and durability are significantly affected
by various physical properties of the material of the base material such as surface area (e.g. BET surface area) , pore
diameter, pore volume, amounts of acid points and base points, and the like. In order to search for catalysts having
excellent catalytic performances, itis very important to understand which of the above various properties would contribute
to favourable catalytic performances or affect the performances.

[0019] The relationship between the performance of catalytic reactions and the above various properties varies in
every reaction, and thus could be only confirmed one by one by varying each property and actually carrying out the
catalytic reaction.

[0020] Therefore, there has been a need for a method that allows efficient production of a urea hydrolysis catalyst
and a selective reduction catalyst containing a urea hydrolysis material at low cost and allows maintenance of excellent
catalytic performances over a prolonged period of time.

[0021] In view of the above problems of the prior art, an object of the present invention is to provide a urea hydrolysis
catalyst and a selective reduction catalyst containing a urea hydrolysis material which have an excellent hydrolysis ability
of urea-water solution to NH3 and can exhibit the ability at low temperatures upon removal of NOx from exhaust gas
emitted from diesel engines by spraying urea-water solution.

[0022] The inventors of the present invention have found, as a result of exhaustive investigations in order to solve the
problems pertaining to urea hydrolysis catalysts or the like used in the prior art, that the quality of urea hydrolysis reaction
does not directly correlate to physical properties of a material such as BET specific surface area, NH; adsorbed amount
(acid amount) , pore volume and average pore diameter. The inventors have further found that by using an inorganic
oxide having an activation energy of urea hydrolysis reaction of 120 kdJ/mol or less as a catalyst material, an increased
amount of NH5 can be obtained by hydrolysis of urea-water solution and the catalyst can exhibit the function at low
temperatures, eventually ensuring the catalyst to have an increased performance of denitration of exhaust gas emitted
from diesel engines. Thus the inventors have completed the present invention.

[0023] The inventors also confirmed that even when a monolithic carrier cannot be properly coated with the urea
hydrolysis material including the inorganic oxide, which satisfies the above requirement, due to significant detachment
of the urea hydrolysis material, addition of a second inorganic oxide that reduces the detachment while satisfying the
above requirement can improve denitration performance and address the problem of detachment.

[0024] Thus, the first aspect of the present invention provides a urea hydrolysis catalyst including a monolithic carrier
coated with a urea hydrolysis material as one or more catalytic layers, wherein the urea hydrolysis material includes a
titania-containing inorganic oxide having an activation energy of urea hydrolysis reaction of 120 kJ/mol or less.

[0025] The second aspect of the present invention provides the urea hydrolysis catalyst according to the first aspect,
wherein the titania-containing inorganic oxide contains at least one selected from silica, alumina, zirconia, neodymium
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oxide, praseodymium oxide and barium oxide.

[0026] The third aspect of the present invention provides the urea hydrolysis catalyst according to the first or second
aspect, wherein a total amount of silica, alumina, zirconia, neodymium oxide, praseodymium oxide and barium oxide
accounts for 30% by weight or less of the titania-containing inorganic oxide.

[0027] The fourth aspect of the present invention provides the urea hydrolysis catalyst according to any one of the
first to third aspects, wherein the urea hydrolysis material is mixed with an anti-detachment material and then applied
on the monolith carrier.

[0028] The fifth aspect of the present invention provides the urea hydrolysis catalyst according to the fourth aspect,
wherein the anti-detachment material includes one or more selected from a titania-containing inorganic oxide, titania sol
or silica sol having an activation energy of urea hydrolysis reaction of more than 120 kJ/mol.

[0029] The sixth aspect of the present invention provides the urea hydrolysis catalyst according to any one of the first
to fifth aspects, wherein the hydrolysis material accounts for 30% by weight or more of the catalytic layer.

[0030] The seventh aspect of the present invention provides the urea hydrolysis catalyst according to any one of the
first to sixth aspects, wherein the coating amount of the catalytic layer is 50 to 200 g/L.

[0031] The eighth aspect of the present invention provides a selective reduction catalyst including a monolithic carrier
coated with a urea hydrolysis material and a selective reduction catalyst material as one or more catalytic layers, wherein
the urea hydrolysis material includes a titania-containing inorganic oxide having an activation energy of urea hydrolysis
reaction of 120 kJd/mol or less.

[0032] The ninth aspect of the presentinvention provides the selective reduction catalyst containing the urea hydrolysis
material according to the eighth aspect, wherein the titania-containing inorganic oxide contains at least one selected
from silica, alumina, zirconia, neodymium oxide, praseodymium oxide and barium oxide.

[0033] Thetenth aspectofthe presentinvention provides the selective reduction catalyst containing the urea hydrolysis
material according to the eighth or ninth aspect, wherein a total amount of silica, alumina, zirconia, neodymium oxide,
praseodymium oxide and barium oxide accounts for 30% by weight or less of the titania-containing inorganic oxide.
[0034] The eleventh aspect of the present invention provides the selective reduction catalyst containing the urea
hydrolysis material according to the eighth aspect, wherein the hydrolysis material accounts for 10 to 40% by weight of
the catalytic layer.

[0035] The twelfth aspect of the presentinvention provides the selective reduction catalyst containing the urea hydrol-
ysis material according to the eighth aspect, wherein the selective reduction catalyst material contains zeolite or a crystal
metal aluminophosphate.

[0036] The thirteenth aspect of the present invention provides the selective reduction catalyst containing the urea
hydrolysis material according to any one of the eighth to twelfth aspects, wherein the coating amount of the catalytic
layer is 100 to 300 g/L.

[0037] The fourteenth aspect of the present invention provides an exhaust gas cleaning apparatus including the urea
hydrolysis catalyst according to any one of the first to seventh aspects, wherein the exhaust gas cleaning apparatus
further includes a urea-water solution spraying device upstream of the urea hydrolysis catalyst.

[0038] The fifteenth aspect of the present invention provides an exhaust gas cleaning apparatus including the selective
reduction catalyst containing the urea hydrolysis material according to any one of the eighth to thirteenth aspects, wherein
the exhaust gas cleaning apparatus further includes a urea-water solution spraying device upstream of the selective
reduction catalyst.

[0039] Theureahydrolysis catalyst of the presentinvention has excellenthydrolysis performance of urea-water solution
sprayed from a nozzle even at a low exhaust gas temperature. The selective reduction catalyst containing the urea
hydrolysis material has excellent hydrolysis performance of urea-water solution sprayed from a nozzle and excellent
denitration performance even at a low exhaust gas temperature upon treating NOx in exhaust gas emitted from diesel
engines.

[0040] Further, according to the present invention, urea hydrolysis performance of a urea hydrolysis catalyst can be
easily evaluated based on the level of activation energy required for urea hydrolysis reaction of an inorganic base material
per se. Therefore the present invention can eliminate the need for production of a high volume of catalyst or evaluation
thereof on large diesel engines, thereby allowing laboursaving facilities, reducing cost and reducing the time required
for searching for new catalysts.

FIG. 1 is an illustration showing the profile of the CO, intensity by heating in the urea hydrolysis test using titania-
containing composite oxide powder A as a urea hydrolysis material;

FIG. 2 is an illustration showing Kissinger plot for calculating the activation energy of urea hydrolysis reaction of
titania-containing composite oxide powder A based on the data obtained from FIG. 1;

FIG. 3 is a graph showing the activation energy of urea hydrolysis reaction of urea hydrolysis materials, titania-
containing composite oxide powders A to E;

FIG. 4 is a graph showing the BET specific surface area of urea hydrolysis materials, titania-containing composite
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oxide powders A to E;

FIG. 5 is a graph showing the NH; adsorbed amount of urea hydrolysis materials, titania-containing composite oxide
powders A to E;

FIG. 6 is a graph showing the pore volume of urea hydrolysis materials, titania-containing composite oxide powders
Ato E;

FIG. 7 is a graph showing the average pore diameter of urea hydrolysis materials, titania-containing composite oxide
powders A to E;

FIG. 8 is a graph showing the time (yp3T30ppm) required to reach the NH3 production of 30 ppm using urea hydrolysis
catalysts of Examples 1 to 3 and Comparative Example 1 which are produced with urea hydrolysis materials, titania-
containing composite oxides A to E;

FIG. 9 is a graph showing the relation between the time (yy3T30ppm) required to reach the NHj production of 30
ppm in Examples 1 to 3 and Comparative Example 1 and the activation energy of urea hydrolysis reaction of urea
hydrolysis materials, titania-containing composite oxide powders A to E;

FIG. 10 is a graph showing the relation between the time (yH3T30ppm) required to reach the NH3 production of 30
ppm in Examples 1 to 3 and Comparative Example 1 and the BET specific surface area of urea hydrolysis materials,
titania-containing composite oxide powders A to E;

FIG. 11 is a graph showing the relation between the time (y3T30,pm) required to reach the NH; production of 30
ppm in Examples 1 to 3 and Comparative Example 1 and the NH; adsorbed amount of urea hydrolysis materials,
titania-containing composite oxide powders A to E;

FIG. 12 is a graph showing the relation between the time (yH3T30ppm) required to reach the NH3 production of 30
ppm in Examples 1 to 3 and Comparative Example 1 and the pore volume of urea hydrolysis materials, titania-
containing composite oxide powders A to E;

FIG. 13 is a graph showing the relation between the time (y3T30,pm) required to reach the NH; production of 30
ppm in Examples 1 to 3 and Comparative Example 1 and the average pore diameter of urea hydrolysis materials,
titania-containing composite oxide powders A to E;

FIG. 14 is a graph showing profile of the NOx removal rate up to a certain temperature in Example 4 and Comparative
Example 2 in which selective reduction catalysts were respectively used which were produced with urea hydrolysis
materials, titania-containing composite oxides C and E, respectively;

FIG. 15is anillustration showing the configuration of an exhaust gas cleaning apparatus having a urea-water solution
spraying device of the present invention; and

FIG. 16 is an illustration showing another configuration of an exhaust gas cleaning apparatus having a urea-water
solution spraying device of the present invention.

[0041] Hereinafter, application to diesel automobiles of a urea hydrolysis catalyst and a selective reduction catalyst
containing a urea hydrolysis material of the present invention is mainly described in detail. However, the present invention
is of course effective in diesel engines used for various stationary power sources such as generators.

1. Urea hydrolysis material

[0042] Previously known urea hydrolysis materials include a mixture of titanium oxide (TiO,), alumina (Al,O3) and
silica (SiO,) (Japanese Patent Application Laid-open No. 2004-108185), y-alumina (Japanese Patent Application Laid-
open No. 2004-202450), a composition of one or more selected from zeolite, alumina and titania, or one or more selected
from titania-vanadium type, titania-vanadium-tungsten type and titania-tungsten type (Japanese Patent Application Laid-
open No. 2005-288397), a material containing tungsten oxide added to a titanium oxide carrier or containing tungsten
oxide and further vanadium pentoxide added to a titanium oxide carrier (Japanese Patent Application Laid-open No.
2006-122792) and the like.

[0043] Generally, titania is known as a base material having high solid acidity and reduced adhesion of sulphur. On
the other hand, alumina is well known as a base material having lower solid acidity and thus higher adhesion of sulphur
than titania. Because of this, for applications concerning diesel engines emitting exhaust gas containing sulphur com-
pounds, the base material generally used is a metal oxide having high solid acidity and reduced adhesion of sulphur
typically including titania, and use of a metal oxide having low solid acidity and increased adhesion of sulphur such as
alumina is less frequent.

1-1. Titania-containing inorganic oxide
[0044] In the present invention, a titania-containing inorganic oxide is used as a base material of a urea hydrolysis

catalyst. Titania is one of porous inorganic oxides and is well known for high solid acidity thereof and thus almost no
adhesion thereto of sulphur. Examples of the crystal structure of titania include anatase, rutile and brookite.
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[0045] Titania has, when used alone, an altered and decreased BET specific surface area with an increase in an
ambient temperature. Therefore it is preferable that titania is used as a titania-containing composite oxide which contains
a low amount of silica, alumina, zirconia, neodymium oxide, praseodymium oxide, barium oxide and the like in order to
have improved heat resistance and thus avoid the alteration in BET specific surface area.

[0046] The present applicant investigated the relation between urea hydrolysis performance and physical properties
of titania-containing inorganic oxides such as BET specific surface area (according to the BET method, the same applies
to hereinafter), NH, adsorbed amount (acid amount), pore volume and average pore diameter and understood the
general tendency as described hereinbelow. However, the present applicant did not find clear correlation.

[0047] Thus ureahydrolysis performance is improved when the BET specific surface area or the average pore diameter
is low and the NH3; adsorbed amount (acid amount) or the pore volume is high.

[0048] There is a tendency that the BET specific surface area is preferably 90 m2/g or less, the NH; adsorbed amount
(acid amount) is preferably 0.09 mmol/g or more, the pore volume is 1 cc/g or more and the average pore diameter is
1000 nm or less. However, the urea hydrolysis performance is just a rough guide in the present invention, and the
activation energy is an important index.

[0049] The urea hydrolysis material used in the present invention has an activation energy (Ea) in urea hydrolysis
reaction of 120 kd/mol or less.

[0050] The activation energy in urea hydrolysis reaction of a urea hydrolysis material itself is calculated from Kissinger
plot as shown hereinbelow.

[0051] When a plurality of thermal cycles is carried out in DTA with different heating rates, the relation follows the
following equation at the point where the change rates of DTA curves are equal :

[Math. 1]
] _(_é‘_ +_§£= 22_ Ea — ...
') RT, \T7) RT,

wherein ¢: heating rate [K/min], T: absolute temperature [K], Ea: activation energy (per mole) and R: gas constant.
[0052] By plotting In(¢/T2) at the point (T) where the change rate of a DTA curve is maximum on the vertical axis and
1/T on the horizontal axis, Ea can be calculated from the resulting slope (-Ea/R). The plot at the point where the change
rate is maximum is called Kissinger plot.

[0053] Specifically, DTA is first carried out with different heating rates (¢) (20 to 60 K/min) on a TG-DTA analyser after
adding urea-water solution to, for example, powder (sample) such as a titania-containing inorganic oxide (see FIG. 1).
Second, by plotting (Kissinger plot) In(¢/T2) and 1/T at the peak {the point (T) where the change rate is maximumy} of the
resulting heating curve (see FIG. 2), the activation energy (Ea) is determined from the slope thereof. The activation
energy (Ea) for other samples is also determined by the similar method and the results are compared subsequently.
[0054] The urea hydrolysis material itself is required to have an activation energy of urea hydrolysis reaction of 120
kJ/mol or less. The activation energy is preferably 110 kJ/mol or less and more preferably 100 kJ/mol or less. It is not
preferable that the urea hydrolysis material itself has an activation energy of urea hydrolysis reaction of higher than 120
kJ/mol because urea hydrolysis performance is significantly deteriorated as described hereinbelow.

2. Urea hydrolysis catalyst

[0055] A urea hydrolysis catalyst includes the urea hydrolysis material for the purpose of hydrolysis of urea-water
solution sprayed in a piping as a reductant to NH; in order to remove nitrogen oxides from exhaust gas emitted from
lean-burn engines.

[0056] The ureahydrolysis catalystof the presentinventionincludes a monolithic carrier coated with the urea hydrolysis
material having an activation energy of urea hydrolysis reaction of 120 kd/mol or less as one or more catalytic layers
using a binder. It is preferable that the coating amount of the catalytic layer is 50 to 200 g/L. The coating amount of the
catalytic layer of less than 50 g/L is not preferable because the performance may not be sufficient and the coating amount
of more than 200 g/L is not preferable in terms of pressure loss.

[0057] It is desirable that the urea hydrolysis material is mixed with an anti-anti-exfoliation material and the applied
on the monolith carrier. The anti-anti-exfoliation material preferably includes one or more selected from atitania-containing
inorganic oxide, titania sol or silica sol having an activation energy of urea hydrolysis reaction of more than 120 kJ/mol.
Excellent urea hydrolysis performance is exhibited by using the urea hydrolysis material at 30% by weight or more.
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When the urea hydrolysis material is less than 30% by weight, excellenturea hydrolysis performance may not be obtained.
3. Selective reduction catalyst

[0058] The selective reduction catalyst is for selectively reducing nitrogen oxides to N, with NH obtained from urea
hydrolysis in order to remove nitrogen oxides from exhaust gas emitted from lean-burn engines. In this case, there is
no premise that the urea hydrolysis reaction is carried out with a urea hydrolysis catalyst provided at the previous stage
of the selective reduction catalyst. Therefore the selective reduction catalyst may be made to have urea hydrolysis
function because of the type of lean-burn engines, room for accommodation, installation cost, maintenance cost and
the like.

[0059] There may be two ways to make the selective reduction catalyst per se to have urea hydrolysis function. One
consists in addition of the above urea hydrolysis material to a selective reduction catalyst and another is a selective
reduction catalyst material per se having urea hydrolysis function. In the present invention, urea hydrolysis function is
conferred by adding the urea hydrolysis material to the selective reduction catalyst.

[0060] The selective reduction catalyst of the present invention desirably includes a monolithic carrier coated with at
least the urea hydrolysis material and the selective reduction catalyst material as one or more catalytic layers using a
binder. The coating amount of the catalytic layer is preferably 100 to 300 g/L. The coating amount of the catalytic layer
of less than 100 g/L is not preferable because the performance may not be sufficient and the coating amount of more
than 300 g/L is not preferable in terms of pressure loss. It is also preferable that the hydrolysis material accounts for 10
to 40% by weight of the catalytic layer. The amount of the hydrolysis material in the catalytic layer of less than 10% by
weight is not preferable because the performance may not be sufficient and the amount of more than 40% by weight is
not preferable in terms of the cost.

3-1. Selective reduction catalyst material

[0061] Examples of the selective reduction catalyst material include various inorganic materials, for example, zeolite
and zeolite-like compounds (crystal metal aluminophosphates) as well as transition metal oxides including vanadium
oxides, titania, zirconia, tungsten oxide and the like, rare-earth oxides including ceria, lanthanum, praseodymium, sa-
marium, gadolinium, neodymium and the like, base metal oxides such as copper oxides, iron oxides, gallium oxides, tin
oxides and the like and composite oxides of the foregoing.

[0062] The examples further include alumina, silica, and mixtures and composites of alumina or silica modified with
rare-earths, alkali metals or alkaline-earths and the oxide described above. The examples further include inorganic
materials obtained by ion-exchange of base metals such as copper or iron with zeolite or zeolite-like compounds. It
should be noted that for automobile application, it is desirable that a hazardous heavy metal such as vanadium is not
contained.

[0063] In the presentinvention, the selective reduction catalyst preferably contains zeolite or a crystal metal alumino-
phosphate. In the present invention, it is preferable to avoid inclusion of a noble metal component such as Pt and Pd
because the component may oxidise an ammonia component to produce NOx.

3-2. Inorganic materials

[0064] In the present invention, an inorganic material may be used together with the selective reduction catalyst
material, examples of which include transition metal oxides including titania, zirconia, tungsten oxide and the like, rare-
earth oxides including ceria, lanthanum, praseodymium, samarium, gadolinium, neodymium and the like, base metal
oxides including gallium oxides, tin oxides and the like and composite oxides of the foregoing. Other than the above,
alumina, silica, and alumina or silica modified with rare-earths, alkali metals or alkaline-earths may be used together
with the selective reduction catalyst material. The above substances have excellent heat resistance and a higher specific
surface area than the above oxide, and thus mixing or forming a composite with the above oxide is more preferable
because the oxide per se can have an increased specific surface area.

[0065] Amongothers, ceriacan promote NOxadsorption to promote SCRreaction between NH; and NOKx. Itis expected
that zirconia exhibits an effect as a dispersion/retention material for highly dispersing other components while they are
thermally stable. Further, oxides of tungsten have strong acidity and high adsorbing ability of alkaline components such
as urea and ammonia, and thus is expected to exhibit an effect of an increased denitration performance. These oxides
may be used alone, but it is preferable that the oxides are used as a mixture or composite.

[0066] The oxide and composite oxides thereof are not limited for the composition, structure or production method
thereof. For example, starting materials containing the above elements in the form of nitrate, sulphate, carbonate, acetate,
chloride and the like may be dissolved in water, the obtained aqueous solutions may be mixed, and pH may be adjusted
to obtain a precipitate or the mixture is subjected to evaporation and solidification, thereby obtaining a solid, which may
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be calcined. When obtaining a mixture or composite, a plurality of metal salts may be simultaneously solubilized and
subjected to the above procedures, or a single metal salt or a plurality of metal salts may be subjected to the above
procedures to form an oxide and another metal salt(s) may be simultaneously or sequentially supported thereon. It is
required to adjust the amount of use of titania as the selective reduction catalyst material because titania also has the
urea hydrolysis ability.

4. Binder

[0067] Inthe presentinvention, the urea hydrolysis catalyst material and the selective reduction catalyst material may
be detached from a monolithic carrier upon coating thereof with base material particles or cocatalyst particles. In order
to avoid the anti-exfoliation, a binder for binding the respective particles to base material particles or cocatalyst particles
may be used as an anti-anti-exfoliation material described hereinbelow.

[0068] The binder used is not particularly limited. However, it is preferable that the binder is of the same type as the
base material because such a binder does not evaporate by burning and a binder fixing to the base material may
adversely affect the base material.

[0069] Examples of the binder include various types of sol such as alumina sol, titania sol, silica sol and zirconia sol.
The examples also include soluble salts such as aluminium nitrate, aluminium acetate, titanium nitrate, titanium acetate,
zirconium nitrate and zirconium acetate. The examples further include acids such as acetic acid, nitric acid, hydrochloric
acid and sulphuric acid.

5. Monolithic carrier

[0070] The urea hydrolysis catalyst and the selective reduction catalyst are preferably supported on, together with
base material particles or cocatalyst particles, a monolithic carrier which is a honeycomb carrier. A honeycomb carrier
is made of ceramics such as cordierite, silicon carbide and silicon nitride or metals such as stainless-steel. The structure
of a honeycomb carrier includes numerous parallel fine gas flow paths extending throughout the carrier structure. In
terms of durability and cost, the honeycomb carrier is preferably made of cordierite.

[0071] Forthe honeycomb carrier, the number of pores is also appropriately adjusted by considering the type of exhaust
gas treated, the gas flow rate, the pressure loss or the removal efficiency. The cell density thereof is preferably 100 to
900 cells/inch? (15.5 to 139.5 cells/cm?2) and more preferably 200 to 600 cells/inch? (31 to 93 cells/cm?2). When the cell
density is more than 900 cells/inch? (139.5 cells/cm?), particulate matters (PMs) adhered may cause clogging and when
the cell density is less than 100 cells /inch? (15.5 cells/cm?2), the geometrical surface area is decreased and thus the
catalyst has a decreased effective usage rate. The cell density refers to the number of cells per unit area on the section
of a honeycomb carrier orthogonal to the gas flow path.

[0072] It is widely known that a honeycomb carrier may include a flow-through structure in which air flow paths are
connected and a wall-flow structure in which end surfaces of some air flow paths are closed and air can communicate
through wall surfaces of air flow paths. The flow-through structure has low air resistance and low pressure loss of exhaust
gas. The wall-flow structure can filter out particulate matters from exhaust gas. Either of the structures may be used for
the urea hydrolysis catalyst and the selective reduction catalyst of the present invention.

6. Configuration of layers

[0073] The urea hydrolysis catalyst and the selective reduction catalyst of the present invention includes a honeycomb
carrier coated with the urea hydrolysis catalyst material and the like as one or more layers. The configuration may include
one layer. However, two or more layers may increase durability and/or catalytic performance.

6-1. Configuration of layers in urea hydrolysis catalyst

[0074] In the present invention, the total coating amount of a catalyst composition containing the urea hydrolysis
material is preferably 50 to 200 g/L and more preferably 70 to 150 g/L in the urea hydrolysis catalyst. The amount of
less than 50 g/L is not preferable because with the decrease in the amount, the number of active sites in the urea
hydrolysis material is also decreased, resulting in reduction in urea hydrolysis performance. The urea hydrolysis catalyst
has lower catalyst diameter than the selective reduction catalyst and thus has higher flow rate of exhaust gas and a
tendency of an increased pressure loss. Therefore, the amount of more than 200 g/L is not preferable because the
pressure loss in cells is increased and the load on the engine is increased.

[0075] When a titania-containing inorganic oxide is used as the urea hydrolysis material and applied on a honeycomb
carrier, anti-exfoliation may result due to the difference in the coefficient of thermal expansion between the titania-
containing inorganic oxide and the honeycomb structure. One measure for preventing anti-exfoliation consists in adding
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an appropriate anti-anti-exfoliation material when a titania-containing inorganic oxide having an activation energy of urea
hydrolysis reaction of 120 kJ/mol or less is applied.

[0076] The anti-anti-exfoliation material which may be used includes a binder obtained by forming sol of titania, which
is a main component of a titania-containing composite oxide, or optionally a binder obtained by forming sol of silica,
alumina, zirconia, neodymium oxide, praseodymium oxide, barium oxide or the like contained in a titania-containing
composite oxide. A titania-containing inorganic oxide having an activation energy of urea hydrolysis reaction of more
than 120 kdJ/mol can be used as an anti-anti-exfoliation material, provided that it has a sufficient anti-exfoliation prevention
function.

[0077] The titania-containing inorganic oxide having an activation energy of urea hydrolysis reaction of 120 kJ/mol or
less preferably accounts for 30% by weight or more, more preferably 40% by weight or more and particularly preferably
50% by weight or more of the total coating amount of the catalyst composition. The amount of less than 30% by weight
is not preferably because with the decrease in the amount, the number of active sites for urea hydrolysis is decreased,
resulting in reduction in urea hydrolysis performance.

[0078] Another measure for preventing anti-exfoliation is to decrease the amount of catalyst coated per coating cycle
and increase the number of coating cycles. The number of coating cycles is not particularly limited and is such that the
amount of anti-exfoliation is minimum. However, an immoderately increased number of coating cycles increases the
cost, and thus the number of coating cycles may be set to 2 and the cost and productivity may be taken into consideration
together with the selection of the anti-anti-exfoliation material. After reviewing the status of anti-exfoliation following the
first coating cycle, the coating amount for the second or later coating cycle may be determined.

6-2. Configuration of layers in selective reduction catalyst containing urea hydrolysis material

[0079] In the present invention, the total coating amount of a catalyst composition in the selective reduction catalyst
containing the urea hydrolysis material is preferably 100 to 300 g/L and more preferably 150 to 250 g/L. The amount of
less than 100 g/L is not preferable because the dispersibility of a noble metal to be carried such as Rh is deteriorated,
thus the number of active sites is decreased and the steam reforming performance is decreased. The amount of more
than 300 g/L is not preferable because a decrease in the volume within cells increases pressure loss and increases the
load on the engine.

[0080] In the selective reduction catalyst containing the urea hydrolysis material, unlike the urea hydrolysis catalyst,
the main component of the catalytic layer is zeolite. Due to the difference in the coefficient of thermal expansion between
zeolite and a honeycomb structure, anti-exfoliation tends to occur. In order to prevent anti-exfoliation of zeolite, use of
a binder obtained by forming sol of silica, which is a main component of zeolite, is prerequisite.

[0081] Inthe selective reduction catalyst containing the urea hydrolysis material, the urea hydrolysis material preferably
accounts for 10 to 40% by weight and more preferably 15 to 30% by weight of the total coating amount of the catalyst
composition in order to sufficiently exhibit the urea hydrolysis function. The amount of less than 10% by weight is not
preferably because with the decrease in the amount, the number of active sites for urea hydrolysis is decreased, resulting
in reduction in urea hydrolysis performance. The amount of more than 40% by weight is not preferable because the
amount of the selective reduction material such as zeolite is relatively decreased to decrease denitration performance
and NH; produced by hydrolysis of urea-water solution is unreacted and discharged.

[0082] In the present invention, an example of the selective reduction catalyst having urea hydrolysis function is a
monolithic carrier coated with zeolite containing the element iron, which is further coated with a ceria-zirconia-containing
composite oxide and zeolite containing the element iron, which is further coated with the above urea hydrolysis material,
the titania-containing composite oxide.

[0083] A denitration component having urea hydrolysis function per se such as zeolite containing the element copper
may be used as a catalytic layer to coat a monolithic carrier.

7. Preparation of catalysts

[0084] In the present invention, preparation of the urea hydrolysis catalyst and the selective reduction catalyst (SCR)
from a honeycomb carrier and a catalyst material may be generally carried out by following the washcoat method.
[0085] First, a catalyst material containing a urea hydrolysis material having a specific activation energy (Ea) and a
honeycomb carrier are provided. The catalyst material is prepared by mixing an optional additive such as a binder and
a surfactant with water or a solvent containing water and a water-soluble organic solvent to obtain a slurry mixture.
Namely, the catalyst material and water or a solvent (aqueous solvent) containing water and a water-soluble organic
solvent are mixed at a specific ratio to obtain a slurry mixture, and in the present invention, the amount of the aqueous
solvent used may be such that the catalyst components can be uniformly dispersed in the slurry.

[0086] Next, a catalyst composition is prepared as a slurry mixture containing the catalyst material which is applied
on the honeycomb carrier. After coating with the catalyst composition, drying and calcining are carried out. The drying
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temperature is preferably 100 to 300°C and more preferably 100 to 200°C. The calcining temperature is preferably 300
to 600°C and particularly preferably 400 to 600°C. The drying period is preferably 0.5 to 2 hours and the calcining period
is preferably 1 to 3 hours. Heating may be provided by a well-known heating means such as an electric furnace and a
gas furnace.

8. Exhaust gas cleaning apparatus

[0087] An exhaust gas cleaning apparatus including the urea hydrolysis catalyst or the selective reduction catalyst of
the present invention includes, as exemplified by the following catalyst devices | and Il, a urea-water solution spraying
device upstream of the catalyst.

[0088] The urea-water solution spraying device generally includes, in order to supply urea-water solution, a storage
tank of a reductant, a piping and a spray nozzle attached at the tip thereof.

[0089] The position of the urea-water solution spraying device is subsequent to an oxidation catalyst (DOC) and
previous to a selective reduction catalyst (SCR) for reducing nitrogen oxide (NOx) by bringing NOx into contact with a
reductant. When a DPF or CSF is provided between a DOC and a SCR, the urea-water solution spraying device is
preferably arranged subsequent to the DPF or CSF.

[0090] The urea component which may be used is a normalised urea-water solution having the concentration of 31.8
to 33.3% by weight, for example, Adblue (product name).

8-1. Catalyst device |

[0091] A catalyst device | including a urea hydrolysis catalyst is schematically shown in FIG. 15. Specifically, the
exhaust gas cleaning apparatus includes an oxidation catalyst (DOC) containing a noble metal component for oxidising
hydrocarbons (HCs), carbon monoxide (CO) and nitric oxide (NO) in exhaust gas emitted from a diesel engine; a diesel
particle filter (DPF) or a catalysed soot filter (CSF) for collecting particle matters such as soot and, every time when
pressure loss due to accumulated soot exceeds a certain value, spraying diesel oil in order to increase the temperature
of exhaust gas and burn soot; a urea-water solution spraying device for supplying a urea-water solution; and a selective
reduction catalyst (SCR) for reducing and removing nitrogen oxide (NOx) using NH3; produced by hydrolysis of urea,
the selective reducing catalyst being devoid of a noble metal, all of which are arranged in this order from the upstream
side in an exhaust gas flow path, wherein the exhaust gas cleaning apparatus further includes a urea hydrolysis catalyst
between the urea-water solution spraying device and the SCR.

[0092] Namely, as shown in FIG. 15, the exhaust gas cleaning catalyst device includes, in an exhaust gas flow path
2 extending from a diesel engine 1, an oxidation catalyst (DOC) 5, a diesel particle filter (DPF) {or a catalysed soot filter
(CSF)} 6, a urea-water solution spraying device 4 subsequent thereto, a selective reduction catalyst (SCR) 8 subsequent
to the spraying device 4 and a urea hydrolysis catalyst 7 between the urea-water solution spraying device 4 and the SCR 8.
[0093] In order to increase the temperature of exhaust gas in the system to promote burning and removal of soot at
the DPF (or CSF) 6, a diesel oil spraying device 3 is provided upstream of the oxidation catalyst (DOC) 5. Diesel oil may
be sprayed towards the inside of a cylinder of the diesel engine or towards the inside of a piping between an exhaust
outlet of the diesel engine and the oxidation catalyst (DOC).

[0094] The urea hydrolysis material used for production of the catalyst of the present invention has an increased
activity compared to conventional materials, and thus allows reduction in the amount of the urea hydrolysis catalyst used
and reduction in size of the device.

8-2. Catalyst device Il

[0095] A catalyst device Il includes an oxidation catalyst (DOC) ; a diesel particle filter (DPF) or a catalysed soot filter
(CSF); a urea-water solution spraying device; and a selective reduction catalyst (SCR) containing a urea hydrolysis
material in this order from the upstream side in an exhaust gas flow path.

[0096] Namely, as shown in FIG. 16, the catalyst device Il includes, in an exhaust gas flow path 2 extending from a
diesel engine 1, an oxidation catalyst (DOC) 5, a diesel particle filter (DPF) {or a catalysed soot filter (CSF)} 6, a urea-
water solution spraying device 4 subsequent thereto and a selective reduction catalyst (SCR) 9 containing a urea
hydrolysis material subsequent to the spraying device 4.

[0097] The urea hydrolysis material used in the presentinvention, which is arranged so as to be an upper and/or lower
layer relative to the selective reduction catalyst, has an increased activity compared to conventional materials, and thus
allows reduction in the amount of the urea hydrolysis material used and reduction in size of the device.
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Examples

[0098] The features of the present invention are further highlighted by way of the following Examples and Comparative
Examples. However, it should be understood that the present invention is not limited by Examples.

[0099] Urea hydrolysis materials used for urea hydrolysis catalysts and selective reduction catalysts (SCR) in present
Examples and Comparative Examples were measured for the activation energy of urea hydrolysis reaction, the BET
specific surface area, the NH; adsorbed amount, the pore volume and the average pore diameter according to the
following methods, respectively.

<Activation energy of urea hydrolysis reaction>

[0100] Each titania-containing composite oxide powder (10 g) was weighed and calcined in an electric furnace at
650°C for 100 hours. After cooling, powder was taken out from the electric furnace, a fraction of 10 mg was taken
therefrom and 1 mg of the commercially available AdBlue was added to the thus obtained heat-treated titania-containing
composite oxide powder. Thereafter, a sample tube of a TG-DTA analyser was filled with the mixture, and the meas-
urement while heating was carried out on Thermo Mass Photo available from Rigaku Corporation at three levels of
heating rate (¢) of 20, 40 and 60 K/min while allowing the gas indicated in Table 1 to flow (see FIG. 1). Based on the
heating curve, In (¢/T2) at the point (T) where the change rate of CO, was maximum and 1/T were plotted on the vertical
and horizontal axes, respectively (Kissinger plot, see FIG. 2), and the activation energy was determined from the slope
thereof (see FIG. 3).

Table 1
Gas concentration Flow rate
(%) (mL/min)
0, 10
Ar 5
300
H,O 1
He Balance

<BET specific surface area>

[0101] The BET specific surface area of each urea hydrolysis material powder was calculated by the BET method on
Tristar 3000 available from Micromeritics Instrument Corporation using N, as an adsorbate molecule.

<NH; adsorbed amount>

[0102] The NH;adsorbed amount of each urea hydrolysis material powder was obtained by, on an automated thermal
desorption spectrum analyser TPD-1-AT available from Japan Bel, allowing adsorption of NH5 on 50 mg of the powder
at100°C for 1 hour and then heating to 600°C to calculate the desorbed amount of NH3 on the equation of state (PV =nRT).

<Pore distribution (pore diameter, pore volume) measurement>

[0103] The pore diameter (mode diameter (diameter)) and the pore volume of each alumina powder were calculated
on PASCAL 140 and 440 available from Thermo Fisher Scientific by the mercury intrusion technique.

<Engine evaluation test of catalyst>

[0104] A urea hydrolysis catalyst or a selective reduction catalyst containing a urea hydrolysis material was placed in
a converter which was then attached at an exhaust outlet of a diesel engine. A urea-water solution spray test was carried
out as follows to evaluate the catalyst on an engine.

[0105] The following urea hydrolysis catalysts of Examples 1 to 3 and Comparative Example 1 were subjected to heat
treatment in an electric furnace at 650°C for 50 hours. Selective reduction catalysts respectively containing a urea
hydrolysis material of Example 4 and Comparative Example 2 were subjected to heat treatment in an electric furnace
at 650°C for 100 hours.
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1. Urea-water solution spray test
1-1. NH; generation test

[0106] A diesel engine with a size of 5 L was set to operate at a rotation speed of 2,000 rpm, and the temperature of
exhaust gas was fixed to 150°C with a thermocouple provided in front of an inlet of a urea hydrolysis catalyst. A com-
mercially available urea-water solution was sprayed from a urea-water solution spraying device tube provided in front
of the thermocouple and spraying was continued so as to obtain the molar ratio (NH3/NOx ratio) between NOx emitted
from the emitting engine and NH5 generated from the urea-water solution of 1.4. Exhaust gas at the outlet of the catalyst
was sampled through a sampling tube and the NH; concentration in the exhaust gas was measured.

1-2. Denitration performance test

[0107] A diesel engine with a size of 5 L was set to operate at a rotation speed of 2,000 rpm, and the temperature of
exhaustgas was fixed to 140°C with a thermocouple provided in front of an inlet of a selective reduction catalyst containing
aurea hydrolysis material. Acommercially available urea-water solution was sprayed from a urea-water solution spraying
device tube provided in front of the thermocouple and spraying was continued so as to obtain the NH;/NOx ratio of 1.0.
Exhaust gas was sampled before and after the catalyst through sampling tubes, the NOx concentration in the exhaust
gas was measured and the NOx removal rate was calculated from the difference in the NOx concentration. The NO
removal rate was then determined by heating at a constant rate of 5°C/min.

[Example 1]

[0108] To a ball mill, 500 g of titania-containing composite oxide powder A (TiO,: 97% by weight, SiO,: 3% by weight)
having a urea hydrolysis activation energy (Ea) of 72 kJ/mol, a BET specific surface area of 65 m2/g, an average pore
diameter of 502 nm, a pore volume of 1.1 cc/g, and an NH; adsorbed amount (acid amount) of 0.108 mmol/g, and 500
g of titania-containing composite oxide powder E (TiO,: 89% by weight, SiO,: 7% by weight, Al,O5: 4% by weight) having
Ea of 142 kJ/mol, a BET specific surface area of 96 m2/g, an average pore diameter of 189 nm, a pore volume of 1. 7
cc/g, and an NH; adsorbed amount (acid amount) of 0.043 mmol/g and 100 g of titania sol (in terms of oxide), as anti-
anti-exfoliation materials, were added. The mixture with pure water added was milled until a certain particle size was
obtained to obtain slurry a.

[0109] A monolith carrier, i.e., a honeycomb flow-through type cordierite carrier {300 cells/inch? (465 k/m2), 5 mil (0.125
mm) thickness, 143.8 mm diameter x 76.2 mm length, 1.238 L} was immersed in the slurry a and coated by the washcoat
method so that the coating amount per unit volume was 110 g/L. The monolith carrier was then dried at 150°C for 1 hour
and calcined in an air atmosphere at 500°C for 1 hour to obtain a urea hydrolysis catalyst of Example 1.

[0110] The urea hydrolysis catalyst of Example 1 including the honeycomb structure coated with titania-containing
composite oxides A and E was measured for the NH3 generation time (yy3T3gppm: the time required, after spraying a
urea-water solution at 150°C and passing through the urea hydrolysis catalyst, to reach the NH; production of 30 ppm)
and the result is shown in FIG. 8.

[Example 2]

[0111] A urea hydrolysis catalyst of Example 2 was obtained in a similar catalyst preparation method as Example 1
except that the titania-containing composite oxide powder A in Example 1 was replaced with titania-containing composite
oxide powder B (TiO,: 88% by weight, SiO,: 3% by weight, ZrO,: 9% by weight) having Ea of 83 kJ/mol, a BET specific
surface area of 75 m2/g, an average pore diameter of 389 nm, a pore volume of 1.57 cc/g and an NH5 adsorbed amount
(acid amount) of 0.123 mmol/g.

[0112] The urea hydrolysis catalyst of Example 2 including the honeycomb structure coated with titania-containing
composite oxides B and E was measured for the NH3 generation time (yy3T3gppm: the time required, after spraying a
urea-water solution at 150°C and passing through the urea hydrolysis catalyst, to reach the NH; production of 30 ppm)
and the result is shown in FIG. 8.

[Example 3]
[0113] A urea hydrolysis catalyst of Example 3 was obtained in a similar catalyst preparation method as Example 1
except that the titania-containing composite oxide powder A in Example 1 was replaced with titania-containing composite

oxide powder C (TiO,: 90% by weight, SiO,:10% by weight) having Ea of 87 kJ/mol, a BET specific surface area of 98
m2/g, an average pore diameter of 186 nm, a pore volume of 1.73 cc/g and an NH; adsorbed amount (acid amount) of
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0.109 mmol/g.

[0114] The urea hydrolysis catalyst of Example 3 including the honeycomb structure coated with titania-containing
composite oxides C and E was measured for the NH3 generation time (yy3T3gppm: the time required, after spraying a
urea-water solution at 150°C and passing through the urea hydrolysis catalyst, to reach the NH3; production of 30 ppm)
and the result is shown in FIG. 8.

[Comparative Example 1]

[0115] A urea hydrolysis catalyst of Comparative Example 1 was obtained in a similar catalyst preparation method as
Example 1 except that the titania-containing composite oxide powder A in Example 1 was replaced with titania-containing
composite oxide powder D (TiO,: 85% by weight, SiO,: 15% by weight) having Ea of 151 kJ/mol, a BET specific surface
area of 65 m2/g, an average pore diameter of 2094 nm, a pore volume of 0.75 cc/g and an NH; adsorbed amount (acid
amount) of 0.108 mmol/g.

[0116] The urea hydrolysis catalyst of Comparative Example 1 including the honeycomb structure coated with titania-
containing composite oxides D and E was measured for the NH3 generation time (yy3T30ppm: the time required, after
spraying a urea-water solution at 150°C and passing through the urea hydrolysis catalyst, to reach the NH; production
of 30 ppm) and the result is shown in FIG. 8.

Evaluation 1

[0117] The urea hydrolysis catalysts of Examples 1 to 3 and Comparative Example 1 respectively contain the titania-
containing composite oxide E and titania sol as anti-anti-exfoliation materials having excellent adhesiveness to honey-
comb structures. However, due to insufficient urea hydrolysis performance thereof, it was only around 45% by weight
of the whole catalyst which effectively functioned for urea hydrolysis reaction.

[0118] For the urea hydrolysis materials used, i.e., titania-containing composite oxides A to E, the activation energy
of urea hydrolysis reaction (Ea), the BET specific surface area, the NH5 adsorbed amount (acid amount), the pore volume
and the average pore diameter are summarised respectively in FIGS. 3 to 7.

[0119] As apparent from FIG. 3, the titania-containing composite oxides A to C respectively had Ea of 120 kJ/mol or
less and exhibited excellent urea hydrolysis performance, while the titania-containing composite oxides D and E respec-
tively had Ea of more than 140 kJ/mol and exhibited poor urea hydrolysis performance.

[0120] The NHj generation time (yy3T30ppm: the time required, after spraying a urea-water solution at 150°C and
passing through the urea hydrolysis catalyst, to reach the NH5 production of 30 ppm) by the urea hydrolysis catalysts
is summarised in FIG. 8. The followings are elucidated from the figure.

[0121] Thus, the urea hydrolysis catalysts of Examples 1 to 3 produced with the titania-containing composite oxides
A to C having an activation energy of urea hydrolysis of 120 kJ/mol or less could generate NH within 400 seconds even
under a spraying condition of a urea-water solution at a temperature as low as 150°C, which is known as a temperature
at which urea is not decomposed. On the other hand, the urea hydrolysis catalyst of Comparative Example 1 produced
with the titania-containing composite oxides D and E having an activation energy of more than 140 kJ/mol generated
NH; after 500 seconds.

[0122] Accordingly, by using a titania-containing composite oxide having an activation energy of urea hydrolysis of
120 kd/mol or less as a urea hydrolysis material, a preferable correlation with the NH3 generation time (y3T30ppm) could
be exhibited even when the amount of the urea hydrolysis material of the present invention added to a urea hydrolysis
catalyst was 50% by weight or less.

[0123] In a similar method, the correlations between the NH5 generation time by hydrolysis of the urea-water solution
by Examples 1 to 3 and Comparative Example 1 and various physical properties of the urea hydrolysis materials A to
D used for the catalysts {Ea (see FIG. 9), BET specific surface area (see FIG. 10), NH; adsorbed amount (acid amount)
(see FIG. 11), pore volume (see FIG. 12), average pore diameter (see FIG. 13) } were compared. It was then only the
urea hydrolysis performance (Ea) that exhibited preferable correlation with the NH5; generation time, and other general
physical properties of the materials {BET specific surface area, NH3 adsorbed amount (acid amount), pore volume and
average pore diameter} did not show any correlation. These results suggest that the urea hydrolysis performance of a
material can be an alternative characteristic of the urea hydrolysis performance of a catalyst, and clearly indicates that
general physical properties of the material cannot be used as alternative characteristics.
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[Example 4]
<Production of selective reduction catalyst (1)>
- Lower layer -

[0124] The following materials: 4.3 kg of B-type zeolite powder F (silica/alumina ratio = 26) in which 1% by weight of
Fe was ion-exchanged, 6.2 kg of MFI-type zeolite powder G (silica/alumina ratio = 26) in which 4% by weight of Fe was
ion-exchanged, and 2.0 kg of titania-containing composite oxide powder A were prepared and amorphous silica sol (0.9
kg in terms of oxide) as an anti-anti-exfoliation material was added to a ball mill, followed by addition of pure water and
milling to a certain particle size to obtain slurry p.

[0125] A monolith carrier, i.e., a honeycomb flow-through type cordierite carrier {300 cells/inch2 (465 k/m2), 5 mil (0.125
mm) thickness, 266.7 mm diameter x 152.4 mm length, 8.514 L} was immersed in the slurry  and coated by the washcoat
method so that the coating amount per unit volume was 134 g/L. The monolith carrier was then dried at 150°C for 1 hour
and calcined in an air atmosphere at 500°C for 1 hour to obtain an under layer of a selective reduction catalyst (1).

- Upper layer -

[0126] Ceria-zirconia-containing composite oxide powder H (ZrO,: 65% byweight, CeO,: 24% by weight, SiO,: 1%
by weight, WO5: 10% by weight) (1.3 kg), 2.3 kg of Fe-MFI type zeolite powder G and 2.8 kg of titania-containing
composite oxide powder A were prepared and 0.7 kg (in terms of oxide) of amorphous silica gel was added to a ball mill
followed by addition of pure water and milling to a certain particle size to obtain slurry y.

[0127] The article onto which the lower layer had been applied was immersed in the slurry y and coated by the washcoat
method so that the coating amount of the catalyst per unit volume was 71 g/L. The article was then dried at 150°C for
1 hour and calcined in an air atmosphere at 500°C for 1 hour to obtain a selective reduction catalyst (1) {catalyst amount:
205 g/L, Fe-zeolite: 128 g, urea hydrolysis material (titania-containing composite oxide): 48 g}.

[0128] Two thus-obtained selective reduction catalysts (1) were calcined in an electric furnace at 650°C for 100 hours
in an air atmosphere and were placed in series in a converter which was then connected to an exhaust outlet of a diesel
engine (size : 5 L). While spraying a urea-water solution so as to obtain the NH;/NOx ratio (molar ratio) of 1.0, the profile
over time of the exhaust gas temperature at the outlet of the catalyst was monitored and the results are shown in FIG. 14.

[Comparative Example 2]
<Production of selective reduction catalyst (2)>

[0129] A selective reduction catalyst (2) of Comparative Example 2 {catalyst amount: 205 g/L, Fe-zeolite: 128 g and
urea hydrolysis material (titania-containing composite oxide) : 48 g} was obtained in a similar method as Example 4
except that the titania-containing composite oxide powder A was replaced with the titania-containing composite oxide
powder D.

[0130] Two thus-obtained selective reduction catalysts (2) were calcined in an electric furnace at 650°C for 100 hours
in an air atmosphere and were placed in series in a converter which was then connected to an exhaust outlet of a diesel
engine (size: 5 L). While spraying a urea-water solution so as to obtain the NH;/NOx ratio (molar ratio) of 1.0, the profile
over time of the exhaust gas temperature at the outlet of the catalyst was monitored and the results are shown in FIG. 14.

Evaluation 2

[0131] As apparent from FIG. 14 which summarizes the above results, the selective reduction catalyst of Example 4
produced with the titania-containing composite oxide A having preferable urea hydrolysis performance had higher den-
itration performance than the selective reduction catalyst of Comparative Example 2 produced with the titania-containing
composite oxide D having inferior urea hydrolysis performance, and exhibited the ability from such an extremely low
temperature as 140°C.

[0132] In addition, the amount of the urea hydrolysis material used in the present invention can be reduced and even
at an amount of the titania-containing composite oxide A added of about 23% by weight, the catalyst sufficiently functions
to hydrolyse the urea-water solution to generate NH5 required for removal of nitrogen oxide (NOx).

[0133] From the above results, according to the present invention, it is apparent that, upon generation of NH5 by
hydrolysis of a urea-water solution sprayed at a decreased temperature and reduction and removal of NOx using NH3
at a decreased temperature with the urea hydrolysis catalyst or the selective reduction catalyst containing the urea
hydrolysis material, the denitration performance of the catalyst can be easily predicted only by determining the urea
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hydrolysis performance (Ea) of the urea hydrolysis material. In addition, it is found that physical properties of a material
{BET specific surface area, NH; adsorbed amount (amount of acid point), pore volume and average pore diameter}
which had been regarded as important factors for determining the level of activity are not effective in urea hydrolysis
reaction.

[0134] The urea hydrolysis catalyst and the selective reduction catalyst containing the urea hydrolysis material of the
present invention can be used, for example, not only for diesel automobiles but also for vehicles such as ships and for
stationaries such as generators, and is particularly useful for diesel automobiles.

Claims

10.

1.

12.

13.

A urea hydrolysis catalyst comprising a monolithic carrier coated with a urea hydrolysis material as one or more
catalytic layers, wherein

the urea hydrolysis material includes a titania-containing inorganic oxide having an activation energy of urea hy-
drolysis reaction of 120 kJ/mol or less.

The urea hydrolysis catalyst according claim 1, wherein the titania-containing inorganic oxide is a composite oxide
containing at least one selected from silica, alumina, zirconia, neodymium oxide, praseodymium oxide and barium
oxide.

The urea hydrolysis catalyst according to claim 1 or 2, wherein a total amount of silica, alumina, zirconia, neodymium
oxide, praseodymium oxide and barium oxide accounts for 30% by weight or less of the titania-containing inorganic
oxide.

The urea hydrolysis catalyst according to any one of claims 1 to 3, wherein the urea hydrolysis material is mixed
with an anti-detachment material and then applied on the monolith carrier.

The urea hydrolysis catalyst according to claim 4, wherein the anti-detachment material includes one or more
selected from atitania-containing inorganic oxide, titania sol or silica sol having an activation energy of urea hydrolysis
reaction of more than 120 kJ/mol.

The urea hydrolysis catalyst according to any one of claims 1 to 5, wherein the hydrolysis material accounts for 30%
by weight or more of the catalytic layer.

The urea hydrolysis catalyst according to any one of claims 1 to 6, wherein a coating amount of the catalytic layer
is 50 to 200 g/L.

A selective reduction catalyst containing a urea hydrolysis material, the selective reduction catalyst comprising a
monolithic carrier coated with a urea hydrolysis material and a selective reduction catalyst material as one or more
catalytic layers, wherein

the urea hydrolysis material includes a titania-containing inorganic oxide having an activation energy of urea hy-
drolysis reaction of 120 kJ/mol or less.

The selective reduction catalyst according to claim 8, wherein the titania-containing inorganic oxide contains at least
one selected from silica, alumina, zirconia, neodymium oxide, praseodymium oxide and barium oxide.

The selective reduction catalyst according to claim 8 or 9, wherein a total amount of silica, alumina, zirconia, neo-
dymium oxide, praseodymium oxide and barium oxide accounts for 30% by weight or less of the titania-containing

inorganic oxide.

The selective reduction catalyst according to claim 8, wherein the hydrolysis material accounts for 10 to 40% by
weight of the catalytic layer.

The selective reduction catalyst according to claim 8, wherein the selective reduction catalyst material contains
zeolite or a crystal metal aluminophosphate.

The selective reduction catalyst according to any one of claims 8 to 12, wherein a coating amount of the catalytic
layer is 100 to 300 g/L.
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14. An exhaust gas cleaning apparatus comprising the urea hydrolysis catalyst according to any one of claims 1 to 7,
the exhaust gas cleaning apparatus further comprising a urea-water solution spraying device upstream of the urea
hydrolysis catalyst.

15. An exhaust gas cleaning apparatus comprising the selective reduction catalyst containing a urea hydrolysis material
according to any one of claims 8 to 13,
the exhaust gas cleaning apparatus further comprising a urea-water solution spraying device upstream of the se-
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lective reduction catalyst.
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Fig. 3
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Fig. 7
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Fig. 9
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Fig. 11
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Fig. 13
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